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METAL SHEET FOR BUILDING PURPOSES, AND METHOD AND 
APPARATUS FOR MAKING SUC3H SHEETS 

The invention relaies to a metal sheet for buildKng pujposes, comprising a panel and 
5 two standing flanges lengthwise at opposite sides of the paneL The invention sOso 
relates to a method and an apparatus for maldng such sheets. 

Metal sheets of this kind are well known and used in the construction of many 
buildings, and especially the roofs thereof. Ihe longitudinal sides of the metal sheets 
are bent upwards to fonn two opposite flanges, so as to fcam stan<fing seams which 

10 are fonned from one flange of one panel and the opposite flange of the neighbouring 
panel. For ease of forming the standing seams, the ftee CTids of the flanges are often 
themselves flanged to be able to cooperate with each other and to be able to 
cooperate with holding elements for holding the roof or wall. The sheets normally 
have a length between approximately 1 to 100 meter, often about 10 metres or more. 

15 and a width that can vary between for instance 100 and 2000 millimetre, mostly 
about 500 millimetre. 

Most panels that are used for building purposes are rectangular sheets, which 
can be used for straight or curved roofs. Curving of metal sheets is known ftom for 
instance EP-A-1J38.403. 

20 However, modem buildings aje often designed with raoxe complex forms, such 

as conical roofs. For the constmction of conical roofs t^red panels have to be used. 
The foxming of tapered sheets and the forming of flanges oh a tspexed sheet is known 
fieom for instance EP-A-L138.424 and EP-A-1J38.405. The conicity of the tapered 
sheets can be given by a width of at least 140 mm at one end and a width of at most 

25 1000 mm at the other end of the panel, but other widths are possible. 

It is a flrst object of the invention to provide a metal sheet with standing 
flanges for building purposes, which can be used for buildings with other forms. 

It is a second object of the invention to provide a method for forming such a 
metal sheet. 

30 It is a third otgect of the invention to pxovide an apparatus for fomdng such a 

metal sheet. 

According to a first aspect of the invention, the flrst object of the invention is 
achieved with a metal sheet for building puii>osea, comprising a panel and two 
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standing flanges lengthwise at opposite sides of the panel, wherdn one or both 
flanges have a non-rectilinear form in the plane of the panel- 

Due to the non-rectilinear foim of the flanges, it is possible to construct all 
types of comply forms of roofs or walls of buildings, for instance a roof (hat is 
5 sUghtly dome-shaped. For this situation, preferably metal sheets are used where one 
or both flanges have an essentially convex form. Such sheets having a convex fonn 
axe less wide at their ends than they would have been when the flanges would have 
been stcaight. For both these examples, essentially rectangular sheets which are 
conv^ can be used. 

10 According i» another preferred Bmbodiment, the metal sheet has one or both 

flanges that have an essential concave f<M3n, A metal sheet having a concave fonn is 
less wide halfway its lengfli than it would have been when the flan^ would have 
berai strai^t. Essentially rectangular sheets which are concave can be used for a roof 
that is ftor instance wider at its ends than at the middle, or for other audi roofe. 

15 It has to be noted that a panel with flanges having a non-^sotilinear form can 

have other fotEns than a convex or concave form, ft is for instance possible tfiat the 
flanges have an S-fonn, if that is needed for the construction of a roof or waU, or that 
a metal sheet has one flange with a convex form and one flange with a concave fonn, 
so the sheet is curved as a whole in its plane- 

20 Piefeiably, the panel contains one or more corrugations ess«itially parallel to 

one or both of the flwiges, which corrugation or corrugations give the flange or 
flanges the non-rectiUnear form. Due to the comigation or corrugations, an extra 
length of the sheet is takssn up as seen over the width of the sheet. Starting ftom a 
metal sheet with straight standing flanges, the width of the panel is restricted at the 

25 place wheie a comigation or coirugations exist. Due to the corrugation or 
coniigations the flanges thus get their non-rectilinear form- 
Preferably, when the flanges have an essentially convex form, a corrugation 
or corrugations arc present in the portion of the panel at the end or the ends of the 
length of the sheet, and whea the flanges have an essentially concave form, a 

30 corrugation or conugationfi are present in the portion of the panel essentially halfway 
along the length of the sheet. In this way at least one comigation is present in that 
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portion of the panel where it is necessaxy for it to be in order to obtain the desired 
convex or concave fonn. 

According to a preferred embodin^ent, the sheet i$ an essentially tapered 
sheet. With such sheets it is possible to form for example conical roofs that are not 
straight but slightly dome-shaped or contracted halfvvay their height 

A preferred embodiment for the metal sheet exists where the sheet is a curved 
sheet. This curvature exists in a plane peipendicular to the plane of the panel. With 
such curved sheets it is for example possible to form a domed roof which is strongly 
curved in one direction and sli^tly curved in the othi^ direction. 

According to a second aspect of titxe invention, ttie second object of the 
invention is achieved widi a method for forming a metal sheet for building purposes, 
the $heet compiising a panel and two standfaig flanges lengthwise at opposite sides of 
Hie panc^'U the method comprising the st^ of forming one or more corrugations in the 
panel essentially parallel to one or both of the flanges so as to give one or both of the 
flan^ a non-tectilinear form in the plane of the panel. 

Using this method, a metal sheet comprising a panel and two standing flanges 
wherein one or both flanges have a non-rectilinear form in the plane of the panel is 
obtained, when string &om a sheet having rectilinear flanges. Sheets having 
rectilinear flanges are commonly known in the art- The non-rectilinear farm is 
intrCRlGegd'by the 'forming of ' ons^riniJi^BnsmvgatiOn^ panel. Where a 

corrugation is formed, an extra length of the panel is taken up as seen over the width 
of the panel, so the panel and thus the sheet will become narrower there. Of course it 
would be possible to form corrugations in a sheet having non-rectilinear flanges and 
a flat panel, and to alter the shape of the non-rectilinear flanges in this way; however, 
such sheets having non-rectilinear flanges and a flat panel are not known fn the art 

It has to be noted that in the panels that are known in the art, which have 
straight flanges and which are rectangular or tapered, corrugations are often present 
Such corrugations can for instance taloe up the expansion or contraction of the metal 
duo to temp^atuie differences. However, these known corrugations are j^cesent along 
ihe full length of the sheets and do not cause any non-reclilinearity of the flanges. 

According to a preferred metibod one or more corrugations are formed over part 
of the length of tilie paneL At those places where a corrugation is present, the width 
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of the panel will become less because the corrugation takes ap some of the material. 
In this way the flanges become non-rectilinear. 

Preferably, one or more corrugations ate fomed having different portions with 
different heists. Due to the difference in height, a different amount of material will 

5 be taken up a$ aeen over the width of the panel. A corrugation with an increasing or 
decreasing h^ght will thus lead to a gently curved flange, whether convex or 
concave. Tins means that according to flie invention corrugations that extend over 
the foil length of the sheet, but have different heists at dijffexent portions along tiie 
length of the sheet, or a continuou$ changing height, can be used. 

10 According to a preferred method, the corrugation or corrugations are formed by 

using one or more profiled rolls. Hie profiled toll or rolls press the cotragation or 
corrugations into the panel and in that way give the non-rectilinear form to the 
flan^. 

According to a third aspect of the invention, the third object of the inv^tion 

15 is achieved with an apparatus for forming a metal sheet for building pujposes. the 
sheet comprising a panel and two standing flanges leng&wise at opposite sides of the 
panel, the apparatus comprising means for forming one or more corrugations in the 
panel essentially parallel to a flange, such that the flange gets a non-rectilinear form 
in the plane of the panel- 

20 With this apparatus, the method according to' the second aspect of the 

invention can be implemented. 

Preferably, the apparatus comprises means for aligning the flange of the metal 
sheet, parallel to which the corrugations have to be formed by the forming means, 
and more preferably comprises means for driving the sheet through the forming 

25 means. TRie aligning means can for jn$tance consist of three of four roll p^&, 
between which a flange of the sheet is guided and thus aligned. Near those guiding 
mils, a driven roll can be placed to drive the sheet through the forming means. The 
sheet as a whole can be guided over horizontal guiding rolls. 

Preferably, the apparatus comprises means for guiding the flange after the 

30 corrugations have been formed by the forming means, and more prefierably 
comprises means for drawing the sheet through the forming means. These guiding 
means can also consist of horizontal guiding rolls and some roll pairs to guide the 
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flange of the sheet- Si the same way, a driven roll can be present to draw the $heet 
through the forming means. 

According to a preferred embodiment, the forming means comprise one or 
more rolls having a circular protrusion, where the cross-section of the protrusion 
essentially corresponds to the cross-section of the corrugation to be formed, and 
preferably one or more cooperating rolls having a complementary ciioular recess. 
Using such roUs will result in cormgations which run parallel to the flange that they 
are formed alongside. A cooperating pair of rolls, one with a protrusion and one with 
a recess, will result in a corrugation having the cross-section as desired, without 
creases bdng formed. It will be apparent that &e form of the cross-section can be 
chosen as desired (as far as technically feasible when using rolls), since the amount 
of material taken up by the coxmgations depends for the most part on xhe height of 
the comigation. 

Preferably the roU ot rolls with a drcular protrusion are motor driv^ and 
more preferably adjustable in hei^t The rolls with the protrusion have to pjess die 
corxugadon in the panel and for that reason ans prefwably motor driven. By making 
these rolls adjustable in height is will be possible to form corrugations in the panel 
having a varying height The cooperaiing tolls can have a constant height 

Preferably, the rolls are r^laceable. Jn the way the apparams can be easily 

20 — ^adjustedHFor-^-aheet-for-wWch a-dififecent formr of -the-corrugation-is-^ixed-Qf 

course it is. also possible to change firara a roll having.one protrusion to form one 
corrugation, to a roll having two protrusions to form two cormgations at the same 
time. These protrusions can be different, for instance have a different height, to form 
dififerrat corrugations at the same time. 

The invention will be elucidated referring to some exemplary embodiments of 
metal sheets, an exemplary embodiment of an apparatus, in view of the 
accompanying drawings. 

Kgs. 1 to 3 show, not to scale, some different embodiments of the metal sheet 
according to the invention. 

Fig. 4 shows a cross section through the embodiment of figure 3A. 
Fig. 5 showSi very schematically, an apparatus according to the invention for 
forming the metal sheet according to the inventioru 
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Fig. 6 shows, on a largpr scale, a cross section throu^ the fanning means in 

the apparatus of figore 5. 

Figure 1 schematicaJly shows a top view of an essentiaUy tapered metal sheet 
according to the invention. M figuie 1 A, the tapered sheet 1 has a pan^ 10 and two 
flanges 11, 12. These flanges ate curved inward or concave in flie plane of the panel 
due to the fbtmittg of me corrugations 13. 14 near both flange 1 1 and flangp 12, The 
metal sheet had been formed in a conventional manner, so with two straight flanges 
on both sides of the panel. The corrugations 13. 14 have been formed in the middle 
portion of the panel 10, causing this middle portion of die panel to contract and thus 
giving the sheet the concave shape. Though it is not clearly visible in figure 1. all the 
conugadons have a declining height over their end portions or over both halves of 
tiidr lengttis ftoro die middle of the panel, causing the smooth corves of die concave 
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Hgme IB in the same way shows an essentially tap«ed metal sheet 2 with a 
panel 20 and flangps 21 and 22, but in this metal sheet two caxmgaiiona 23 have 
been formed over die full lengdi of die panel 20, and two corrugations 24 in die 
middle portion of die panel, lii tins case, die coimgationa 23 have declining portions 
where diey ate longer dian conugadons 24. and die corrugations 24 decline over botii 
halves of ttisdr lengths from die middle of the panel. 

Figure 2 shows anodier essentially tapered metal panel according to die 
invention, but witii convex flanges. In figure 2A. tiie tapered sheet 3 has a pand 30 
and two flanges 31, 32. These flanges are carved outward or convex due to die 
forming of die four corrugations 33 and four corrugations 34. near bodi flange 31 and 
flange 32. Here, the coirugations are formed in die end portions of die panel 30, 
causing die end portions of die panel to contract and dius give die sheet the convex 
sh^. Here too die corrugations have a declining height, but now towards die middle 
of the panel. 

M figure 2B again an essentially tapered metal sheet 4 is shown, having a 
panel 40 and two flanges 41, 42. In diis sheet, four corrugations 43 near the flanges, 
and two corrugations 44 over die full lengtii of the panel have been formed. The four 
corrugations 43 have a declining hdght towards die middle of die panel, and tije two 
corrugations 44 have a declining height towards dieir middle portion. In tiiis way, tiie 
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end portions of the panel are coataacsted most, and thus the metal sheet is given its 
convex shape. 

Figure 3 shows essentiaUy rectangular metal sheets. Figure 3A shows a metal 
sheet 5 having a panel 50 and two flanges 51, 52. In the panel corragations 53, 54 are 
5 fonraed, in the same way and the same place as in sheet 1 of jSgure lA. Thus, the 
sheet 5 gets concave flanges 51, 52. In an analogous way, in figure 3B a sheet 60 
having flanges 61, 62 and conugations 63, 64 is shown, which conugaiions axe 
formed in the same way as in sheet 3 of figure 2A. Thus, the sheet 6 Is given convex 
flanges 61, 62. 

10 For sheets 5 and 6 it should be noted that some w all of die corrugatloas 

could be present over the total length of the sheet. Moreover, for all sheets the length 
or the corrugations can be chosen as desired, as can be their inclination, dependhig 
on the desixed form of the flanges. » wiU be clear that, besides convex and concave, 
flie flan^ can have odjer fracms, such as an S-fonn, or a fotm that is paiUy straight 
15 and partly curved, lit is also possible that one flange is concave and one flange is 
convex, so the sheet is curved in total in the plane of &e paneL 

Figure 4 shows a cross section A-A halfway throu|pi sheet 5 as shown in 
figure 3A, on a larger scale. However, filguie 4 could also have been a cross section 
through sheet 1 or dieet 2, or an end view of sl^t 3, 4 or 6. Figure 4 shows the panel 
-20 -50 withflange«-51,-^-and-comigatlon8-^54^The-aangBs 51,-524iavea j^ 

form, such tihat the flango 52 ..of one sheet can cooperate with Ihe flange .51 of a 
neighbouring sheet However, other flan^ forms are possible. 

Ja fte figures 1-4 sheets having four corrugations are shown. However, it will 
be possible to uso less or more corrugations, depending on the amount of contiaction 
25 that is desired. For four conugations, the maximal contraction will be in the order of 
10 to 15 millunBtre, when the cormgations have a height of ^proximately 15 
millimBtre- Of course the corrugations can have another form in cross section, for 
^saxtple be more pointed. 

In figure 5 an apparatus for forming the metal sheets according to the 
30 invention is shown very schematically and not to scale. Figure 5A shows the 
apparatus in top view, partially in cross section B-B, and figure 5B in front view. The 
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apparatus consists of four units, a feed unit 100, a first fonmng unit 110, a second , 
forming unit 120, and a run out unit 130. 

Feed unit 100 has horizontal supporting rolls 101 to support the metal sheet 1, 
vertical pairs of guiding rolls 102,103 to guide a flange 12 of the metal sheet and 

5 feed it In the right position towards the units 1 10 and 120, and driven rolls 104,105 
tiiat feed the metal sheet into (he first forming unit 1 10. Each metal sheet is placed by 
hand onto the feed unit JOO and guided through the guiding rolls 102, 103. until the 
driven tolls 104, 105 take over. Of course the feed unit 100 will in most cases be 
longer than shown in figure 5, since the metal sheets will most times be ten or more 

10 mecres long. 

First forming unit UO also has supporting rolls 111 to support the metal 
sheet, and upper forming tolls 112 and lower forming roUsUS. As shown, the upper 
rolls have a drcular recess, and the lower rolls have a circular protrusion (not 
shown). The lower rolls 113 aio driven by a driving device (not shown), and the 

15 lower rolls 113 are «8ustable in height by a height adjusting mechanism (not 
shown). -Die upper rolls are fixed in hd^ such thai they win roll over the upper 
surface of the panel of sheet 1. and can rotate fteely between brackets 114, which 
extend &om an upper ftame 115. As shown, preseait are fliree lower and three 
coopei^g upper rolls. However, it would be posabte to use less or mow rolls, for 

20 instance depending on the maximal height of the corrogations to be formed. 

Second forming unit 120 is an exact copy of forming unit 110. The parts of 

this second forming unit will therefore not be described- » would be possible not to 
use the second forming unit, or to use two of ttiese units, for instance depending on 
the thickness of the metal of the panel, the type of metal and the number of 

25 corrugations to be formed. 

Run out unit 130 has supporting rolls 131 as weU. and pairs of guiding rolls 
132, 133 to guide the flange of the metal sheet after the corrugations have been 
fonled by the forming units 110 and 120. Driven toUs 134, 135 are present to draw 
the sheet through the forming units, espedaUy after the end of fte sheet has left the 

30 feed unit 100. 

Figure 6 shows a cross section through one of the pairs of upper and lower 
rolls 112, 113 of first forming unit 110. Shown is also a part of the metal sheet 1 



^am'eid X5.a. u^.r^u<^r v^.. ..^.^ _ 28.01.2002^^5:27: 



-9- 

having one ccotugatiozi, foiroed by the upper and lower rolls. The upper roll 1 12.caa 
rotate freely between the brackets 114 which are fixed to the upper frame 115. The 
lower roll is releasably attached to a shaft 116, which is driven by a driving device 
(not shown). Hie ^ft 116 and thus ttie lower roll 113 is adjustable in hei^t by a 

5 height adjusting mechanism (not shown), which is movable in the dxrectjon of anow 
D. When more than one pair of upp^ and lower rolls is pxesmt, the shafts axe 
coupled to rotate with the same speed and to be moved to the same hei^^t 

The lower roll 113 is xeleasably attached to the shafts in order to be able to 
easily exchange one lower roll for another one having a circular protrusion with 

10 another cross section. The upper roll will have to be exchanged as well. It will also 
be possible to use lower rolls having two or even mom cixoular protmsions, and 
corresponding upper rolls, as long as the material from the metal sheet can flow 
easily to form the comigations. 

The method of formmg corrugations in a metal sheet using the apparatus as 

15 described above is essentially as follows- A metal sheet 1 having two straight flanges 
is placed with its front end on the feed unit 100 and guided through the guiding rolls 
102, 103. As soon as die sheet 1 is fed between the driv^ rolls 104, 105 these rolls 
talcB over and feed the metal sheet 1 at a constant speed into the first forming unit 
110- The first forming unit 110 contains a detection device (not shown) to detect the 

"20 — jfrontend of the sheet", and*a-measuiing~device'(not-shown)rfor^ex^ple-a measuring 



wheel, .to measure which portion of the sheet has passed through the.forming-nnit 
Based on the signals fi:om the detection device and the measuring device, the height 
adjusting mechanism will raise or lowe^ the lower roll(s) 1 13 to form the cormgadon 
in the metal sheet The height adjusting device will be controlled by a controlling 

25 device (not shown) which can t>e programmed to foim the desired corrugations with 
the desiied length and the desired increasing or decreasing height in the sheet tk the 
/%amA -w^y, the sec^d forming nnit 120 can form a second corrugatlozi, <x: can form 
the corrugation formed by the first forming unit to a greater height The lun out unit 
130 supports the fixmt end of the metal sheet while the comigadons are fotmed in the 

30 back end of the sheet, and draws the sheet through the fooning units using die driven 
TOlls 134, 



-10 



For the person skilled in the art it will be ^parent that other designed feed, 
fonning and co)l out units can be used, as long as they serve the puipose to fotm 
comigations into metal panels having two flanges ai opposite sides of a panel. 
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L Metai sheet for building putpose$» comprising a panel and t9fo standing flanges 
' lengthwise at opposite sides of the panel, characterised in that one as: both 
flanges have a non-^tecdlineat f onn in tiie plane of the panel. 

2. Metal sh^t according to claim 1, wherein one or both flanges have an 
essentially convex form* 

3. Metal sheet according to claim 1, wherein one or both flanges have an 
essentially concave form. 

4. Metal sheet according to claim 1, 2 or 3, wherein the panel contains one or 
more corrugations essentially parallel to one or both of the flanges, which 
corrugation or corrugations give the flange or flanges the non-«rectilinear form* 

5. Metal sheet according to claim 2 and 4, wherein a coirugation or coiragations 
are present in the portion of the panel at titie end or the ends of the length of the 
sheet. 

.6. Metal sheet according to claim 3 and 4, wherein a comjgation or comxigations , . 
are present in the pordon of the panel essentially halfway the lengdi of Hie 
sheet 

7. Metal sheet according to any one of the preceding claims, whcacein the sheet is 
an essentially tapered sheet 

8* Metai sbeet according to any of the preceding ciuttus, wherein the slieet is a 
curved sheet 

9. Method for forming a metal sheet for building purposes, the sheet comprising a 
panel and two standing flanges lengthwise at opposite sides of the panel, tbe 
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method comprising the step of fomring one or moie cocragatiotts in tho panel 
essentially parallel to one or both of the flanges so as to give one or both of the 
flanges a non-tectilineai* fonn in the plane of ttie paneL 

S 10. Method according to claim 9, wheidn one or more corrugations are formed 
over part of the length of the panel. 



11. Method according to claim 9 or 10, whernin one or more cormgadons are 
formed having dif extent portions xvith a different height 

10 

12. Method according to claim 9, 10 or 11, wherein the corrugation or coirogations 
ate formed by u$ing one or more profiled rolls. 

13. Apparatus for forming a metal sheet for building purposes, the sheet 
15 compiising a panel and two standing flanges lengthwise at opposite sides of the 

panel, tlie apparatus comprising means for forming one or mox& coirogations in 
the panel es$entially parallel to a flange, such that the flange gets a non- 
rectilinear form in the plane of the panel. 



20 14, Apparatus according to cjaim 13; compiising means for aligning the flange of 
the metal sheet, parallel to which the corrugations have to be formed by the 
forming means, and pr^erably comprising means for driving the sheet fhxou^ 
the forming means- 



25 15. Apparams according to claim 13 or 14, comprising means for guiding the 
flange after the corrugations have been formed by ihe forming means, and 
preferably comprising means for drawing the sheet through the forming means. 



16. 
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Apparatus accorcfing to claim 13, 14 or 15, wherein the forming means 
comprise one or more rolls having a circular protrusion, where the cross- 
section of die protmsion essentially corresponds to the cross-section of the 
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cojTugadon to be fonned, and preferably one or more cooperating rolls having 
a complementary circular recess. 

17. Apparatus according to claim 16, wherein the roll or tolls with a circular 
5 protrusion are motor driven and preferably adjustable in height 



18. Apparatus according to claim 16 or 17, wheiein the rolls ate replaceable. 



ABSTRACT 



Til© invention relates to a metal sheet for buUding purposes, comprising a panel and 
two standing flanges lengthwise at opposite sides of the panel. 

Acconfing to the invention one or TjoiJi flanges have a non-iectUinear fonn in 

(he plane of the panel. 

Tb& invention also tdates to a method and an apparatus for fonning such metal 

sheets. 




33 34 34 33 



43 43 



023 28.01.2002 is 




52 




A-A 

Fig. 4 




Fig. 6 
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